Objective: To evaluate the healing efficacy of rebamipide and lansoprazole combination therapy with lansoprazole alone for endoscopic submucosal dissection (ESD)-induced ulcers and clarify the ulcer healing-associated factors.
INTRODUCTION
Endoscopic submucosal dissection (ESD), developed in Japan in the 1990s [1, 2] , is currently a widely accepted treatment for early gastric mucosal lesions as it is minimally invasive and enables the en bloc resection of mucosal lesions [3] . Due to the widespread use of endoscopy and the higher rate of early lesion detection, the application of ESD has become increasingly common. This trend has been accompanied by increasing concern about ESD Clinical Research Paper complications. These procedures sometimes lead to deep and large gastrointestinal ulcers, resulting in an increased risk of perforation, bleeding, and abdominal pain [4, 5] . The management of giant ulcers induced by ESD is a challenge and, hence, has become a focus of clinical research [6, 7] .
Currently, there is no standardized regimen for the treatment of gastric giant ulcers induced by ESD, but proton pump inhibitors (PPIs) are still commonly used with 8 weeks for this purpose. Nevertheless, rebamipide has been evaluated for the treatment of post-ESD ulcers, and its clinical efficacy has been verified by numerous investigators [8] . Effective treatment regimens for post-ESD ulcers might involve rebamipide alone or in combination with PPIs. Some studies have indicated that the clinical efficacy of rebamipide alone is similar, or even superior, to that of PPIs alone [9] . Others have shown that rebamipide combined with PPIs can accelerate the healing of ulcers compared to monotherapy using PPIs [10] [11] [12] . Given this, the present study was to determine whether PPIs combined with rebamipide would promote post-ESD ulcer healing more effectively than PPIs alone and explore the ulcer healing-associated factors.
RESULTS

Characteristics of research subjects
Among the 300 subjects, 318 lesions were removed by ESD (due to statistical requirements, if a patient had multiple resected lesions, the healing of only one was assessed). We evaluated 133 control group patients at the four-week follow-up. Four control cases were excluded as they required additional surgery to treat residual marginal disease, ten were excluded due to bleeding that required repeat endoscopic treatment, and three cases were lost to follow-up. We assessed 137 experimental group patients at the four-week follow-up. Three cases were excluded as they required additional surgery, six were excluded due to bleeding that required repeat endoscopic treatment, and four were lost to follow-up. In each group (experimental and control), 127 patients completed eight weeks of treatment observation (six control group and ten experimental group cases were lost to follow-up). Details of the experimental procedure are shown in Figure 1 . The characteristics of the research subjects in both groups were shown in Table 1 . Our analysis demonstrated no statistically significant differences in the gender, age, body mass index (BMI), comorbidities, presence of Helicobacter pylori (Hp) infection, lesion pathological features or anatomical location, initial size of the post-ESD ulcer, or maximum or perpendicular diameter of the ulcer between the groups.
Outcomes of ulcer healing after combination therapy and monotherapy
The primary outcomes of ulcer healing after combination therapy and monotherapy were the ulcer reduction rates at four weeks of treatment. As shown in Table 1 , the ulcer reduction rate was significantly higher in the experimental group than that in the control group after four weeks of treatment (97% vs. 94%, P < 0.001). The secondary outcomes were the healing rate, the improvement rate, ulcer area, maximum diameter, and perpendicular diameter after four weeks of treatment or eight weeks of treatment, which were also summarized in Table 1 . After four weeks of treatment, the experimental group showed a post-ESD ulcer healing rate of 18.2% and an improvement rate of 94.2% while the control group showed a post-ESD ulcer healing rate of 20.3%, and an improvement rate of 88.7%. The healing rate and improvement rate of post-ESD ulcers did not show statistically significant differences between the two drug regimens (P > 0.05). Moreover, at four weeks of treatment, the differences between the experimental group and control group in terms of ulcer area (36.35 ± 51.36 mm 2 vs. 55.04 ± 67.56 mm 2 ), maximum diameter (6.30 ± 5.05 mm vs. 7.80 ± 5.96 mm), and perpendicular diameter (3.55 ± 3.18 mm vs. 4.74 ± 3.64 mm) were statistically significant (P = 0.011, P = 0.027, P = 0.004, respectively). At eight weeks, the ulcer healing rate in both groups was 90.6%, and the ulcer improvement rate in both groups was 100% ( Table 2 ).
Subgroup analysis of factors influencing ulcer reduction post-ESD
Subgroup analysis was performed to investigate the factors affecting the efficacy of rebamipide plus lansoprazole for post-ESD ulcer reduction at four weeks ( Table 3 ). For factors recorded as numerical data, the group's mean value was used to determine thresholds for age (60 years), BMI (23.22), initial ulcer area (1084.45 mm 2) , initial maximum diameter (35.50 mm), and initial perpendicular diameter (27.29 mm) that defined two factor-based subgroups. For qualitative factors, patients were divided into subgroups based on existing categories or the presence or absence of the factor. The results indicated that the subgroup factors related to ulcer healing included: patient age and BMI; initial ulcer area, maximum diameter, and perpendicular diameter; lesion site and pathological grade; and the presence of underlying disease or Hp infection.
Logistic regression analysis of factors influencing post-ESD ulcer reduction
Univariate and multivariate logistic regression models were used to analyze the factors influencing ulcer reduction at four weeks. The results are shown in Table 4 . The dependent variable was a post-ESD ulcer reduction. Moreover, the mean ulcer reduction rate defines the cutoff value of the variable (≥ 95% vs. < 95%). The independent variables were the relevant variables determined by our subgroup analysis. Univariate analysis revealed that BMI (≥23.22 kg/m 2 vs. <23.22 kg/m 2 ), lesion site (gastric antrum vs. others), patient sex, and the use of combination therapy (PPI + rebamipide vs. PPI monotherapy) were associated with ulcer reduction. Multivariate analysis indicated that combination therapy (PPI + rebamipide vs. PPI monotherapy) and lesion site (gastric antrum vs. others) were independent factors associated with greater post-ESD ulcer reduction. The adjusted odds ratios (ORs) were 4.31 (2.51-7.39) and 0.47 (0.28-0.80), respectively.
Logistic regression analysis of factors influencing post-ESD ulcer healing
Univariate and multivariate logistic regression models were used to analyze the factors affecting post-ESD ulcer healing at four weeks. The results are shown in Table 5 . The dependent variable was post-ESD ulcer healing. The independent variables were the relevant variables determined by our subgroup analysis. Our univariate analysis revealed that pathological grade (cancer + HIN vs. LIN + others), initial ulcer area (≥ 1084.45 mm 2 vs. < 1084.45 mm 2 ), initial maximum diameter (≥ 35.5 mm vs. < 35.5 mm) and perpendicular diameter (≥ 27.29 mm vs. < 27.29 mm) were related to ulcer healing. The multivariate analysis indicated that pathological grade (cancer + HIN vs. LIN + others) and initial maximum diameter (≥ 35.5 mm vs. < 35.5 mm) were independent factors that influenced post-ESD ulcer reduction. The adjusted ORs were 0.33 (0.17-0.62) and 0.36 (0.17-0.75), respectively.
Logistic regression analysis of factors influencing post-ESD ulcer improvement
Univariate and multivariate logistic regression models were used to analyze the factors that affect post-ESD ulcer improvement at four weeks. The results are shown in Table  6 . The dependent variable was whether the post-ESD ulcer improved. The independent variables were the relevant variables determined by our subgroup analysis. Univariate analysis revealed that the initial ulcer area (≥ 1084.45 mm 2 
DISCUSSION
The PPI treatment of eight weeks is the standard therapy for the common gastric ulcer. However, there is no standardized regimen for the treatment of gastric giant iatrogenic ulcers induced by ESD. Previous medical therapy contained the PPI alone, mucosa protectant alone, as well as the combination of these two drugs, and the course for the treatment is four to eight weeks. Previous studies showed that PPI alone or mucosa protectant alone for four weeks, the ulcer healing rate was 11.5%-36%, however, the ulcer healing rate in the combination therapy group was 9.5%-68% [11, 13, 14] , indicating that the combination therapy was better. In our study, we performed a large-scale, multicenter, prospective, randomized, double-blind, parallel-group, positivecontrolled trial to evaluate optimal treatment for post-ESD ulcer.
At four weeks, the ulcer improvement rates in the experimental and control groups were 94.2% and 88.7%, respectively. However, the rates of ulcer area reduction were 0.97 ± 0.034 mm 2 and 0.94 ± 0.078 mm 2 in the experimental and control groups respectively, and this difference between the two groups was statistically significant. Therefore, combination therapy promoted ulcer healing more successfully than monotherapy. This conclusion is consistent with the results of previous studies [9-12, 15, 16] . The ulcer healing at week 4 was less than 21%, indicating that the course for therapy should be longer than 4 weeks. The ulcer healing rates for initial maximum diameter ≥ 35.5 mm and < 35.5 mm at week 8 were 84.6% and 94.7% (P < 0.007), indicating that initial maximum diameter of ulcer is an important factor for healing of post-ESD ulcer and 8 weeks' treatment is recommended. Whether the conventional ulcer classification system proposed by Sakita et al. was suitable to be employed in this study needs discussion [17] . This classification system is a valuable guide for the clinical treatment and prognosis of ulcers, but it is not objective or continuous. Moreover, the distinction between A-and H-stage ulcers is not clear. Therefore, a new method is required to improve the evaluation of post-ESD ulcers, particularly giant iatrogenic ulcers. Numerous factors may influence post-ESD ulcer healing, including ulcer area, ulcer site, pathological grade, blood coagulation status, Hp infection and other comorbidities. However, studies investigating post-ESD ulcer healing have not achieved consensus regarding the importance of these factors. Our study showed that the combination therapy and lesions located in the gastric antrum were both positively associated with the ulcer healing. Oh, et al. [18] showed that the degree of ulcer healing within four weeks was determined by the initial size of the ulcer. Similarly, Nakamura, et al. also suggested that the initial size of the ulcer and the location of lesion could affect healing of post-ESD ulcer [14] , which supports our results. Therefore, the longer course of treatment should be taken for the bigger initial size of the post-ESD ulcer.
The most significant complication that occurs during post-ESD ulcer healing is bleeding. In our study, the overall incidence of bleeding was 5.33%, which was far lower than the results reported in the foreign literature (13%-38%) [19] . The most likely explanation for this is the significant reduction in the incidence of bleeding that has occurred in recent years as endoscopy instruments have improved allowing the coagulation of blood vessels using hot biopsy forceps. In this study, the overall incidences of bleeding in control and experimental groups were 7.14% and 4.17% with no significant difference.
The reasons for choosing to evaluate rebamipide and the PPI lansoprazole were as follows. First, antacids are still the most effective treatment for post-ESD ulcers [20] , and several studies have shown that the clinical efficacy of PPIs is superior to that of H2RAs [21, 22] . Second, PPIs combined with a mucosal protective agent is better able to promote ulcer healing compared to PPI monotherapy [9-12, 15, 16] . A meta-analysis that included 11 randomized controlled trials indicated that the clinical efficacy of combination therapy is superior to PPI monotherapy [15] . Finally, rebamipide has more significant effects on the healing of post-ESD ulcers than other mucosal protective agents [15] . It may act by promoting the expression of gastric mucosal protective factors (PGE-R and COX-2), promoting the synthesis of various growth factors (epidermal growth factor [EGF], EGF receptor and vascular endothelial growth factor), inhibiting gastric mucosal injury factors, inhibiting Hp adherence to endothelial cells, inhibiting the production of IL-8/LT-B4, or inhibiting the expression of adhesion molecules CD11b/CD18 and ICAM-1 [8, 23, 24] .
In the preliminary stages of this trial, we tested three methods for ulcer diameter measurement: Direct measurement through the endoscope biopsy channel using an endoscopic measuring instrument (Olympus Corp., Tokyo, Japan); Measurement by comparison with a visual reference (a paper disk) using Amedicom System image analysis software for image distance measurements; Direct measurement of the post-ESD specimens. Similar studies from abroad commonly apply the first method of measurement [16] . However, during the resection operation, the large size of the post-ESD ulcers made it difficult to visualize them within a single field. Moreover, the ulcers were not located in the same plane. Hence, the first two methods lacked the accuracy required for the measurement of such ulcers. Therefore, we chose to use the resected specimen measurement as a surrogate for the measurement of the corresponding post-ESD ulcer. However, due to the drastically reduced sizes of the ulcers four and eight weeks postoperatively, we were able to employ the second method and obtain relatively accurate measurements.
In conclusion, both the PPI monotherapy and the PPI plus rebamipide treatments ended up with low post-ESD ulcer healing rates in the first four weeks of postoperative treatment. After eight weeks of treatment, over 90% of ulcers were in the healing or scarring stage. Compared with lansoprazole alone, rebamipide combined with lansoprazole significantly accelerated the rate of ulcer reduction but did not improve the rate of ulcer healing at four weeks of therapy.
MATERIALS AND METHODS
Experimental design
We performed a multicenter, prospective, randomized, double-blind, parallel-group, positive-controlled trial at six participating medical institutions (all AAA hospitals). The study was approved by the Ethical Review Committee of the Chinese PLA General Hospital and entered in the Chinese Clinical Trial Registry (registration number, ChiCTR-TRC-13003032). Each center recruited 50 patients (300 patients in total) admitted between May 2013 and December 2014. Patients were recruited if they had one of the following indications for ESD: 1. a gastric adenoma with low-to high-grade intraepithelial neoplasia (LIN and HIN, respectively) that was difficult to remove using conventional methods (e.g. endoscopic mucosal resection [EMR]); 2. a well-differentiated or moderately differentiated intramucosal carcinoma; 3. a welldifferentiated or moderately differentiated superficial gastric carcinoma (invasion depth < 500 μm, and, in the presence of ulcers, < 3 cm); 4. an undifferentiated carcinoma < 2 cm, without ulceration. All diagnoses were confirmed by gastroscopy and histopathology. Additional inclusion criteria included: 1. age 18-80 years, 2. absence of major cardiopulmonary disease and no history of hepatobiliary or other gastrointestinal disease or surgery, 3. normal blood coagulation, and 4. no use of antacids or mucosal protective agents within two weeks of enrollment. We excluded patients: 1. who required additional anti-ulcer medications after enrollment, 2. who were pregnant, breastfeeding, or might become pregnant during the trial period, and 3. with severe intraoperative complications requiring surgical treatment. All patients voluntarily participated in the study and gave informed consent.
ESD operation procedures
Enrolled patients (n = 300) underwent endoscopic examinations and ESD procedures performed by experts with much experience in ESD. The margin of resection was marked using electrocoagulation and included approximately 0.5 cm of normal mucosal tissue around the lesion. We injected liquid into the submucosa to lift the lesion and separate the submucosa from the muscular layer. The mucosa and submucosa on the outer edge of the lesion were incised along the previously marked margin. Then, the submucosa was dissected until the mucosal lesion had been completely resected. Electrocoagulation was applied to exposed blood vessels in the wound. The resected specimen was sent for pathologic examination. The measurements of the resected lesion and surgical wound were recorded.
Patient grouping and drug administration
Enrolled patients were randomly assigned to the experimental group (n = 150) or the control group (n = 150). Patients in the control group received intravenous pantoprazole (30 mg every 12 hours; Nycomed Pharmaceutical Consultancy Co., Ltd., Shanghai, China) and a placebo (three times daily) on postoperative days 1-3. On postoperative days 4-56 they received oral lansoprazole (disintegrating tablets, 30 mg daily; Tianjin Takeda Pharmaceutical Co., Ltd., Tianjin, China) and placebo (three times daily). Patients in the experimental group received intravenous pantoprazole (30 mg every 12 hours) and oral rebamipide (100 mg three times daily; Zhejiang Yuan Li Jian Pharmaceutical Co., Ltd., Hangzhou, China) on postoperative days 1-3. On postoperative days 4-56 they received oral lansoprazole (disintegrating tablets, 30 mg daily) and rebamipide (100 mg three times daily). Concurrent use of the following drugs was prohibited during the trial period: other PPIs, H 2 -receptor antagonists (H2RA), and gastric mucosal protective agents, as well as non-steroidal antiinflammatory drugs, anticoagulants, and antiplatelet drugs.
Specimen measurement and surgical site evaluations Endoscopic measurement of ulcer size
The resected specimen was spread out in vitro and fixed in place using pins. Calipers were used to directly measure the maximum diameter and the perpendicular line of the maximum diameter.
Endoscopic follow-up evaluations
Enrolled patients underwent follow-up endoscopy at four and eight weeks postoperatively to evaluate ulcer healing. Four weeks postoperatively, a five mm-diameter white paper disk (produced using a hole puncher) was positioned at the edge of the ulcer site using biopsy forceps placed through the endoscope biopsy channel. The ulcers were photographed using the paper disk as a reference. The photographic images were uploaded to a computer and measured using the Amedicom software system. The maximum diameter and perpendicular line of the maximum diameter were recorded ( Supplementary  Figure 1 ).
Ulcer size and rate of reduction
The ulcer size and rate of reduction were calculated based as follows: Ulcer area = ulcer maximum diameter × perpendicular line of maximum diameter (mm 2 ). Ulcer reduction rate at four weeks = (initial ulcer areaulcer area at four weeks) × 100/initial ulcer area. Ulcer reduction rate at eight weeks = (initial ulcer area -ulcer area at eight weeks) × 100/initial ulcer area.
Endoscopic ulcer classification and healing evaluation
We staged each ulcer according to the classification system developed by Sakita et al. [17] . Based on the endoscopic presentations, the ulcers were classified into six stages: active (A1 and A2), healing (H1 and H2), and scarring (S1 and S2). We classified treatment as effective (H-stage ulcers with ≥ 50% reduction in maximum diameter and S-stage ulcers) or not effective (H-stages ulcers with < 50% reduction in maximum diameter and A-stage ulcers). The ulcer healing rate was calculated as the number of S-stage ulcers/total number of cases × 100%. The ulcer improvement rate was calculated as the number of effective cases/total number of cases × 100%. A team of five endoscopic experts blinded to patient groups performed the endoscopic staging of ulcer healing. The healing stages were assigned based on the consensus of three or more evaluators.
Statistical analysis
Independent third-parties were responsible for performing the statistical analyses, participating in the experimental design and implementation, conducting sample blinding, managing the data, and completing the summary statistical report. SPSS for Windows, Version 13.0 (SPSS Inc., Chicago, IL, US) was employed for our statistical analyses. Quantitative variables were analyzed using the Wilcoxon signedrank or Student's t-test and are reported as mean ± standard deviations. Categorical variables were analyzed using the Pearson chi-squared test and are reported as the number of cases and percentages. All statistical analyses were two-tailed tests and a P-value < 0.05 was considered statistically significant. Logistic regression analyses were performed to analyze factors influencing post-ESD ulcer reduction, ulcer healing and ulcer improvement, respectively.
